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The  present  study  aimed  to  evaluate  the  activity  of Lippia  gracilis  Schauer  essential  oil
obtained  from  different  L.  gracilis  genotypes  and  their  major  components,  carvacrol  and  thy-
mol  against  Rhipicephalus  (Boophilus)  microplus  (cattle  tick)  larvae  and  engorged  females.
The larval  test  was  performed  parallel  to  the  adult  immersion  test  for engorged  females  for
four  L.  gracilis  genotypes.  Similar  tests  were  further  performed  for  their  major  compounds
carvacrol  and  thymol.  Carvacrol  (LC50 of 0.22  and  4.46  mg/mL,  to larvae  and  engorgedeywords:
ippia gracilis
olatile oil
arvacrol
hymol
attle tick
females,  respectively)  was  more  efﬁcient  than  thymol  (LC50 of  3.86  and  5.50  mg/mL,  to  lar-
vae  and  engorged  females,  respectively).  The  lethal  concentrations  obtained  for the  isolated
essential  oil  from  genotypes  LGRA-201  against  larvae  (1.31  mg/mL)  and  LGRA-106  against
engorged  females  (4.66  mg/mL)  conﬁrmed  the  acaricidal  activity  of  L.  gracilis  essential  oil
and  its effectiveness  in controlling  the  southern  cattle  tick.. Introduction
Lippia gracilis Schauer (Verbenaceae) is a deciduous
ranched shrub able to grow to approximately 2 m.  This
lant is a species of the vegetation typical of a well-drained,
emi-arid region in northeastern Brazil. Its aromatic leaves
nd ﬂowers constitute the plant medicinal components,
omposed of tissues from which the essential oil is
xtracted. The plant oil exhibits antimicrobial activity due
o its high content of carvacrol and/or thymol (Pessoa
t al., 2005). An Active Germplasm Bank of L. gracilis is
aintained at the Federal University of Sergipe and plant
aterial is available to supply cuttings for production of
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plantlets needed for large scale cultivation and essential
oil production.
Generally, members of the Lippia genus have similar
chemical composition, with some compounds present in
several species. These compounds include thymol, car-
vacrol, 1,8-cineol, humulene, and p-cymene, which exhibit
anti-malarial, anti-viral, and cytostatic pharmacological
activities (Cavalcanti et al., 2010) and may  be used for the
control of insects and ticks.
The southern cattle tick, Rhipicephalus (Boophilus)
microplus,  has been associated with losses in milk and beef
production as well as damage to animal hides, which in turn
have resulted in economic losses throughout the tropical
Open access under the Elsevier OA license.and subtropical region where this tick is distributed (Graf
et al., 2004).
The use of synthetic acaricidal products is the most com-
mon  method for controlling southern cattle tick. However,
ry ParasE.M.d.O. Cruz et al. / Veterina
the frequent use of these products in cattle herds may
lead to contamination of milk and meat and fostering the
selection of resistant ticks. In many countries, acaricide-
resistant tick populations have increased to the point that
few synthetic acaricides continue to have efﬁciency greater
than 75% (Graf et al., 2004). Castrejón (2003) have previ-
ously proposed the use of non-chemical control methods,
including the use of plants with acaricide compounds, to
reduce the environmental and ﬁnancial impact of synthetic
acaricides. In this context, phytochemicals may  represent
a useful tool for the control of ectoparasites and can also
potentially be combined with other control strategies.
Furthermore, phytochemicals may  contribute to the pro-
duction of milk and animal meat free of unsafe chemicals
that are harmful to humans, animals, and the environment
(Agnolin et al., 2010). Additionally, thymol and carvacrol
are Generally Regarded As Safe (GRAS) food ﬂavoring,
which is an indication of low toxicity materials (United
States Ofﬁce of the Federal Register, 2009).
The aim of the present study was to evaluate the activity
of L. gracilis genotypes essential oil and their major compo-
nents, carvacrol and thymol, to R. (B.) microplus larvae and
engorged females.
2. Methods
2.1. Plant and biological materials
Leaves were collected from four L. gracilis genotypes
(Table 1) from the Active Germplasm Bank (BAG) of Medic-
inal Plants at the Experimental Farm Rural Campus of the
Federal University of Sergipe (UFS). Defoliation was  per-
formed manually, and leaves were dried in a forced air
circulation oven at 40 ◦C for 5 days. R. (B.) microplus ticks
used in the bioassays were bred and maintained at the
Animal Science Department of the Federal University of
Maranhão (UFMA).
2.2. Extraction and analysis of essential oil
The essential oil was extracted by hydrodistillation in a
Clevenger apparatus. Each sample consisted of 75 g of dried
leaves harvested from three cloned plants, and samples
were distilled for 140 min.
The analysis of the essential oil chemical composi-
tion was performed using a gas chromatograph coupled
to a mass spectrometer (GC–MS) (Shimadzu, model QP
5050A) equipped with an AOC-20i auto injector (Shi-
madzu) and a fused-silica capillary column (5% phenyl–95%
dimethylpolysiloxane, 30 m × 0.25 mm  i.d., 0.25 m ﬁlm,
J&W Scientiﬁc). Helium was used as the carrier gas at a
ﬂow rate of 1.2 mL/min. The temperature program was
Table 1
Lippia gracilis genotypes maintained at the Active Germplasm Bank of Medicinal 
Code Source Geog
LGRA-106 Tomar do Geru – SE 11 19
LGRA-108 Tomar do Geru – SE 11 19
LGRA-109 Tomar do Geru – SE 11 19
LGRA-201 Rio Real – BA 11 23itology 195 (2013) 198– 202 199
as follows: 50 ◦C for 1.5 min, temperature increased at
4 ◦C/min until reaching 200 ◦C, temperature increase at
15 ◦C/min until reaching 250 ◦C, and stayed at 250 ◦C for
5 min. The injector temperature was  250 ◦C, and the detec-
tor (or interface) temperature was 280 ◦C. The injection
volume of ethyl acetate was  0.5 L, the partition rate of
the injected volume was  1:87, and the column pressure
was 64.20 kPa. The mass spectrometer conditions were as
follows: ionic capture detector impact energy of 70 eV,
scanning speed 0.85 scan/s from 40 to 550 Da.
Quantitative analysis of the chemical constituents
was performed by ﬂame ionization gas chromatography
(FID), using a Shimadzu GC-17A (Shimadzu Corpora-
tion, Kyoto, Japan) instrument, under the following
operational conditions: capillary ZB-5MS column (5%
phenyl-arylene–95% dimethylpolysiloxane) fused silica
capillary column (30 m × 0.25 mm i.d. × 0.25 m ﬁlm thick-
ness) from Phenomenex (Torrance, CA, USA), under same
conditions as reported for the GC–MS. Quantiﬁcation of
each constituent was estimated by area normalization (%).
Compound concentrations were calculated from the GC
peak areas and they were arranged in order of GC elution.
The essential oil components were identiﬁed by com-
paring their mass spectra with the available spectra in
the equipment database (NIST05 and WILEY8). Addition-
ally, the measured retention indices were compared with
those in the literature (Adams, 2007). The relative retention
indices (RRI) were determined using the Vandendool and
Kratz (1963) equation and a homologous series of n-alkanes
(C8–C18) injected under the chromatography conditions
described above.
The means of the chemical constituents and essential
content were subjected to the analysis of variance F test and
were compared using the Scott–Knott test at 5% probability.
2.3. Larval sensitivity test
A sensitivity test was  performed on R. (B.) microplus
larvae at the Animal Parasitology Laboratory at the UFMA
Chapadinha Campus. The methodology was  developed by
Stone and Haydock in 1962, and adapted by the Food and
Agriculture Organization (FAO, 1984) and Leite (1988). Two
sheets of ﬁlter paper (4 cm2) (Whatman, 80g) were treated
with 0.4 mL  of solution containing 3% dimethyl sulfoxide
(DMSO) and essential oil or one of the major components.
Ten concentrations ranging from 0.0612 to 25.00 mg/mL  of
thymol (Merck) or carvacrol (Sigma–Aldrich) or essential
oil isolated from each of the four L. gracilis genotypes were
used for the test.
Approximately 100 tick larvae were placed on one of
the sheets and then covered with the other sheet, forming
a sandwich. The sandwiched ﬁlter papers and larvae were
Plants (UFS) and used in the present study.
raphic data for the source Herbarium voucher no.
′ 16.7′′ S; 37 55′ 09.2′′ W 14733
′ 22.4′′ S; 37 55′ 12.6′′ W 14734
′ 20.7′′ S; 37 55′ 16.9′′ W 14735
′ 38.7′′ S; 38 00′ 54.1′′ W 14736
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Table 2
Chemical composition of the essential oils of four L. gracilis genotypes.
Constituent RRI LGRA-106 LGRA-108 LGRA-109 LGRA-201
-Thujene 924 0.45 c 0.98 b 0.85 b 1.37 a
-Pinene 931 0.28 b 0.38 a 0.26 b 0.37 a
-Pinene 971 0.10 a 0.14 a 0.0 b 0.12 a
Myrcene 976 2.74 a 2.05 b 2.06 b 3.20 a
-Terpinene 988 1.00 d 1.79 c 1.82 b 3.01 a
p-Cymene 1016 6.70 b 11.75 a 13.02 a 13.74 a
Limonene 1023 0.36 b 0.38 b 0.21 c 0.44 a
1,8  Cineole 1028 3.92 a 2.10 b 0.0 d 1.50 c
-Terpinene 1031 3.66 c 8.81 b 8.55 b 21.11 a
Linalool 1057 0.41 b 0.44 b 0.79 a 0.72 a
Terpinen-4-ol 1100 0.57 a 0.59 a 0.61 a 0.57 a
Methylthymol 1180 8.32 a 5.85 b 4.77 c 0.19 d
Thymol 1195 59.26 a 3.65 c 3.20 c 5.78 b
Carvacrol 1228 0.88 c 47.10 a 48.99 a 35.28 b
-Caryophyllene 1291 8.57 a 3.92 d 7.80 b 6.26 c
-Humulene 1298 0.47 b 1.00 a 0.38 b 0.49 b
Viridiﬂorene 1418 0.15 d 1.02 a 0.84 b 0.51 c
Bicyclogermacrene 1432 0.07 d 1.95 a 0.55 c 1.05 b
Spathulenol 1437 0.19 c 1.36 a 0.58 b 0.69 b
Caryophyllene oxide 1454 0.74 a 0.62 a 0.71 a 0.82 a
Monoterpenes (%) 88.65 86.01 85.13 87.04
Sesquiterpenes (%) 10.19 9.87 10.86 9.82
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eans followed by the same lowercase letters in columns do not differ by
hen placed in an envelope of folded non-impregnated ﬁl-
er paper (72.25 cm2) and sealed with a plastic clothespin.
he envelope was placed in an incubator and maintained at
7 ± 1 ◦C with relative humidity (RH) ≥ 80% for 24 h. After
his time, alive and dead larvae were counted. We  consid-
red dead the ticks without movement. The experiment
as performed with four replicates for each treatment. Fur-
hermore, a solution of 3% dimethyl sulfoxide (DMSO) was
sed as negative control. Corrections for the larval sensi-
ivity test were performed according to the Abbott formula
Abbott, 1925).
.4. Immersion tests to assess the sensitivity of engorged
emales
The sensitivity of engorged R. (B.) microplus females
as determined by using the immersion test described
y Drummond et al. (1973). Engorged females of southern
attle ticks were collected from artiﬁcially infested calves.
roups of 10 engorged female ticks each were weighed,
nd an effort was made to obtain groups with similar
eights.
Each tick group was submerged for 5 min  in 1 of 10 con-
entrations ranging from 1.00 to 25.00 mg/mL of thymol
Merck), carvacrol (Sigma–Aldrich), or essential oil isolated
rom one of the four L. gracilis genotypes, using DMSO (3%)
s solvent. DMSO (3%) was used for the negative control
roup. The engorged females were subsequently dried on
 paper towel, placed in Petri dishes and maintained in a
iochemical oxygen demand (BOD) incubator at 27 ± 1 ◦C
nd RH ≥ 80% for 15 days.
The lethal concentrations for 50% and 90% mortality of
he larvae and females were calculated for test compounds
nd essential oils using GraphPad Prism 5.0 software.95.88 96.29 92.02
2.17 a 1.85 b 2.37 a
tt and Knott test (p < 0.05).
3. Results and discussion
Plant essential oils may  be used as alternative and
adjuvant antiparasitic therapies (Anthony et al., 2005).
However, intraspeciﬁc essential oil chemical variability of
the same plant species (Cavalcanti et al., 2010) may  cause
differences in bioactivity. The present study identiﬁed 20
compounds in the essential oil of L. gracilis (Table 2). Of
these, 92% were terpenes (mono- and sesquiterpenes). Thy-
mol  was  identiﬁed as the major component of genotype
LGRA-106, which produces very low levels of carvacrol.
In the other genotypes, carvacrol represented the major
component.
With the exception of LGRA-108, the mortality per-
centages were higher than 50% at 2 mg/mL. Higher
concentrations (4, 5, 8, and 10 mg/mL) resulted in nearly
100% mortality for all genotypes. The results revealed
higher mortality rates for carvacrol than thymol.
The present ﬁndings for thymol, one of the major
components of the L. gracilis essential oil, are more notice-
able than those reported by Mendes et al. (2011) when
tested thymol against Amblyomma cajennense.  At concen-
trations of 2.5 and 5.0 mg/mL, they have observed mortality
rates of 18.2% and 51.8%, respectively. The results of the
present study are in agreement with those of Novelino
et al. (2007) and Daemon et al. (2009), in which 1% and
2% thymol resulted in 100% mortality, providing evidence
for the high activity of this compound in the genus Rhipi-
cephalus. Velazquez et al. (2011) reported similar results
for the essential oils of Cuminum cyminum and Pimenta
dioica,  with concentrations of 2.5 mg/mL  yielding 100%
mortality. Scolarick et al. (2012) observed a mortality of
over 90% in all experiments with thymol solubilized in
ethanol. Panella et al. (2005) reported LC50/90 for carvacrol
for Ixodes scapularis and Dietrich et al. (2006) reported
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Table  3
Lethal concentrations (50% and 90%) for different L. gracilis genotypes for R. (B.) microplus larvae and engorged females, with a 95% conﬁdence interval.
Genotype LC50 (mg/mL) CL LC90 (mg/mL) CL R2
Larvae
LGRA-201 1.31 1.22–1.42 2.18 1.96–2.43 0.947
LGRA-106 2.23 1.21–4.13 3.21 2.64–3.91 0.830
LGRA-109 3.21 3.08–3.34 6.02 5.25–6.90 0.939
LGRA-108 4.34 1.83–10.32 5.26 4.22–6.56 0.871
Carvacrola 0.22 0.80–0.50 0.89 0.51–0.1 0.781
Thymola 3.86 3.25–4.57 6.89 5.88–8.06 0.824
Engorged females
LGRA-201 6.55 6.25–6.88 8.87 7.39–10.66 0.999
LGRA-106 4.66 4.13–5.27 11.32 9.06–14.13 0.997
LGRA-109 7.15 2.69–19.00 12.82 6.18–26.57 0.960
LGRA-108 9.21 4.92–17.24 20.01 12.73–31.43 0.923
Carvacrola 4.46 4.32–4.60 5.71 5.36–6.09 0.995
Thymola 5.50 5.41–5.58 6.01 5.88–6.15 0.998
r female
ession cLC50 = concentration (mg/mL) at which 50% of the R. (B.) microplus larvae o
larvae or females died; CL = conﬁdence limits at 95% probability; R2 = regr
a Commercial product.
repellency of carvacrol to I. scapularis.  Table 2 indicates
that terpinen-4-ol was present in the samples. Panella et al.
(1997) reported LC50/90 for (+)-terpinen-4-ol for I. scapu-
laris.
The concentrations resulting in 50% lethality (LC50) for
R. (B.) microplus larvae ranged from 1.31 mg/mL  (LGRA-
201) to 4.34 mg/mL  (LGRA-108), and the LC90 values ranged
from 2.18 mg/mL  (LGRA-201) to 6.02 mg/mL  (LGRA-109)
(Table 3). These values demonstrate the high efﬁciency of
the L. gracilis essential oil for the control of ticks along
with the efﬁciency of their major components carvacrol
(0.22 mg/mL) and thymol (3.86 mg/mL).
The essential oil isolated from the LGRA-201 genotype
proved to be the most lethal to tick larvae, with high
mortality rates observed even at low concentrations. One
possible explanation for this ﬁnding is the presence of
carvacrol as major component and synergic effect with
other monoterpenes, such as -thujene, -terpinene and
-terpinene. Similarly, by investigating the effect of the
essential oil of Lippia javanica in several Boophilus sub-
genus, Madzimure et al. (2011) observed high efﬁciency
of the essential oil in both larvae and adults.
The observed patterns for lethal concentrations in
engorged females were similar to those observed in larvae.
However, LC50 for genotype LGRA-106 (4.66 mg/mL) and
LC90 for genotype LGRA-201 (8.87 mg/mL) indicated higher
efﬁcacy relative to the other samples against engorged
females (Table 3).
With regard to the major components, carvacrol was
found to have superior effect, with high lethality even at
low concentrations. Similarly, Cetin et al. (2010) obtained
LC50 of 3.18 mg/mL  using pure carvacrol in adults of the
Mediterranean tick Hyalomma marginatum.
4. Conclusions
The use of natural products as acaricides may  represent
an important alternative for the control of animal para-
sites since they are rich sources of bioactive compounds
that are biodegradable, and potentially suitable for use as
pesticides. The present ﬁndings demonstrate that L. graciliss died; LC90 = concentration (mg/mL) at which 90% of the R. (B.) microplus
orrelation coefﬁcient.
essential oil may  be used as a natural acaricide. Thymol and
carvacrol are the major compounds in L. gracilis essential oil
and may  act synergistically to produce the acaricidal action
against R. (B.) microplus observed.
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